The genetic variation and differentiation among different populations of sheep in Bangladesh were studied by using 18 microsatellite markers. A total of 140 samples-37 from Bangladesh Central (BGC), 40 from Bangladesh East (BGE), 39 from Bangladesh North (BGN) and 24 from Garole (GAR) were genotyped. The allele number per locus ranged from 2 to 10. The average number of alleles per population was 5.50 + 1.72, 5.33 + 2.00, 6.39 + 2.06 and 4.72 + 1.71 for BGC, BGE, BGN and GAR respectively. Heterozygosity was found in the range from 0.5084+0.0187 (BGE) to 0.5810+0.0237 (GAR). The genetic distance (D A ) between BGN and GAR was the highest (0.1071) and that between BGC and BGN was the lowest (0.0664). In the phylogenetic dendrogram, BGC and BGN grouped in the same cluster, while BGE and GAR formed another two separate clusters. The results indicate that all four sheep populations had rich genetic diversity and the Garole sheep (GAR) is considered as an independent breed in Bangladesh.
Introduction
The sheep is one of important ruminant species in the world. Of the total sheep population, 64.43% of sheep are found in Asia and Africa. There are about 920 breeds, of which 233 are found in Asia (FAO, 2003) . Sheep stand third in number among the ruminant species in Bangladesh and are used primarily for meat production. Bangladesh possesses 1.69 million sheep at present (BBS, 2004) . Though the sheep was localized in particular areas of the country, they are now found all over the country. Most of the sheep of Bangladesh are indigenous in nature with few crossbreds (Bhuiyan, 2006) . These animals were neglected in the past. Government has come forward to improve their productivity. The characterization of indigenous animals in term of phenotypes and genotypes is the first and prerequisite criteria for improving the animals genetically. Several studies have so far been conducted on morphological and genetic characteristics of Bangladeshi sheep populations (Tsunoda et al., 1984; Rahman, 1989; Sahana et al., 2001) . The indigenous sheep of Bangladesh was first characterized by Tsuenoda et al. (1984) using isozymes. No work has yet been done to characterize the indigenous sheep using DNA markers especially microsatellites. However, this has been done in India by Mukesh et al. (2006) for Garole, Nila and Chokla sheep and by Arora and Bhatia (2006) for other sheep breeds. Microsatellite markers for sheep genotyping have also been used in other parts of the world by many investigators (Forbes et al., 1995; Grigaliunaite et al., 2003; Radko et al., 2006) . The present study was, therefore, set to find out the genetic relations in Bangladeshi sheep using microsatellite markers.
Materials and Methods
Sample collection, DNA extraction, and quantification All the sheep of Bangladesh were divided into four populations based on geographical distribution and history of breeding and management systems. These were Bangladesh East (BGE) representing the sheep of eastern part (Bandarban, Sylhet, Moulovibazar and Noakhali district), Bangladesh Central (BGC) and Bangladesh North (BGN) representing the sheep of central (Mymensingh and Tangail district) and northern part (Pabna, Chapainawabgonj, Gibandha and Chuadanga districts) of Bangladesh where introgression of some exotic genes have occurred, and (GAR) representing Garole sheep found in the area adjacent to Sundarban forest (Satkhira district). A total of 160 blood samples were collected from the four groups, taking 40 samples for each population. Samples were collected only from adult sheep of subsistent farmers taking a ratio of 1:3 for male and female. Samples were collected avoiding related animals. Blood was collected in venoject tube, treated with anticoagulant and carried to Animal Genetics Laboratory of Bangladesh Agricultural University and preserved at 4 o C until DNA extraction. DNA was extracted following a salting out protocol after IAEA (2004) . The DNA samples were quantified in 0.8% agarose gel electrophoresis.
Microsatellite polymorphism detection
Polymerase Chain Reaction amplification and genotyping work were done in CAAS-ILRI joint laboratory in Beijing. All of 140 DNA samples were amplified in GeneAmp PCR system 9700 PCR machine using 18 pairs of microsatellite primers selected from FAO recommendation. All the microsatellite markers were forwardly labeled with a capillary based dye: 6FAM (blue), PET (Red), VIC (Green) and NED (yellow) for the purpose of genotyping. The PCR condition has been presented in Table 1 . PCR was carried out in 15µl reaction mixture containing 4ng/µl of template DNA, 0.3µl each 10µM primer, 1µl of 20 mM dNTPs, 0.05 unit/µl of Taq DNA polymerase, 1.2 to 1.5mM/µl of MgCl 2 and 1Х PCR buffer. All PCR products were quantified by 2% agarose gel electrophoresis for checking the success of PCR amplification. The amplified DNA was genotyped by automated capillary DNA sequencer Genetic Analyzer 3130xI of Applied Biosystem. The internal standard was prepared by adding 7.55µl of LIZ standard to 0.45 µl of HiDi formamide. A total of 2µl of diluted PCR product of each co-loading was transferred to individual wells with 8µl of standard/formamide mix and denatured for genotyping. The genotyping results were processed by the GeneMapper v3.7 program which determines the allele sizes in each animal. A total of 140 samples including 40 from BGE, 39 from BGN, 37 from BGC and 24 from GAR were amplified and genotyped. 
Statistical analysis
The genotyped data were analyzed using Microsatellite Toolkit program (Minch, 1995) to calculate allele frequencies at each locus for each population, average number of alleles per population and heterozygosity values (expected and observed). Dispan program (Ota, 1993 ) was used to calculate D A genetic distances between the populations and an unweighted pair group-method with arithmetic mean (UPGMA) phylogenetic tree was constructed using the PHYLIP 3.57c package (Felsentein, 1995) .
Results and Discussion

Distribution of alleles and heterozygosity within the populations
All the sheep populations showed polymorphism for microsatellite markers in the present study. The allele number per locus ranged from 2 to 10 in the four populations. The mean numbers of alleles along with heterozygosity values per population are presented in Table 2 . The mean numbers of alleles per population ranged from 4.72 (GAR) to 6.39 (BGN). The average observed heterozygosity values are medium in all populations ranging from 0.5084 to 0.5810 with the lowest in population BGE (0.5084+0.0187) and the highest in population GAR (0.5810+0.0237). Tsunoda et al. (1984) found polymorphism in the four regional populations, i.e. Jessore, Khulna, Mymensingh and Noakhali of Bangladeshi sheep, at the 13 blood protein and enzymes loci. Mukesh et al. (2006) investigated the distribution of alleles and heterozygosity in Garole, Nali and Chokla sheep of India using FAO recommended microsatellite markers. They reported a mean number of alleles for Garole sheep of India as 5.63 which was higher than value of the present study in Bangladeshi Garole (4.72). However, they observed the heterozygosity of Indian Garole breed as 0.59 which was almost similar to Bangladeshi Garole sheep (0.58). They further found mean numbers of alleles in Nali and Chokla sheep of India as 6.27 and 5.63, respectively. These values are almost similar to the present study for the allele numbers in other Bangladeshi sheep populations.
Genetic distances between the populations
The D A genetic distances between different populations are presented in Table 3 . The highest genetic distance (0.1071) was observed between BGN and GAR and the lowest genetic distance (0.0664) between BGC and BGN. So BGN has the closest genetic relationship with BGC. The genetic relationships among different populations are shown in the phylogenetic dendrogram ( Fig. 1) constructed on the basis of D A distances and using the unweighted pair group-method with arithmetic mean (UPGMA). In the phylogenetic dendrogram, sheep populations of Bangladesh were divided into three groups, BGC and BGN clustered in the first group, BGE in the second group and GAR in the third group separately. From the history it is evident that BGN was crossed with imported fat-tailed sheep breed of India. On the other hand BGC was crossed with imported breeds Lohi of Pakistan and Romney Marsh, Suffolk and Parendale among others of New Zealand and Australia (Bhuiyan, 2006) . Because of the introgression of genes from exotic breeds, BGC and BGN are crossbreds. So BGN and BGC showed a higher mean number of alleles (6.39 + 2.06 and 5.50 + 1.72, respectively) than GAR and BGE and they grouped in one cluster in the phylogenetic dendrogram. Garole is a renowned breed of sheep and it is found adjacent to Sundarban forest. Sundarban forest is spread over southern Bangladesh and West Bengal of India.
Phenotypically Garole sheep of Bangladesh is similar to Garole sheep found in West Bengal of India (Sahana et al., 2001) . Present genetic studies showed that Garole sheep of Bangladesh has the lowest mean number of alleles (4.72 +1.71) than all other sheep populations (BGC, BGN and BGE) of Bangladesh. Bangladeshi Garole has the same heterozygosity value as the Indian Garole. Genetic distances between Garole and other populations were higher and Garole formed a separate cluster from other populations in the dendrogram. So Garole (GAR) might be considered a separate genetic group i.e. a distinct breed of sheep in Bangladesh.
Conclusion
It can be concluded that all the populations of sheep in Bangladesh have high genetic diversity with medium heterozygosity. There is significant introgression of genes from exotic breeds in the populations of BGN and BGC than BGE. Garole is distinct from other three populations of sheep as being a distinct breed. The results of the present study would be useful in planning breeding strategy for future genetic improvement program of sheep in Bangladesh.
